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Introduction   
 
The management of patients who have suffered traumatic injuries to their dentition is 
an integral part of general dental practice. Dental trauma rarely involves just a single 
tooth. A typical dental injury may involve damage not only to multiple teeth, but also 
to the supporting tissues. It has been observed that teeth that are not obviously 
traumatized may be the ones that could present long-term management problems. All 
traumatic dental injuries need to be followed up over time. Follow-up procedures 
include a clinical examination, a radiographic assessment and pulp sensibility testing. 
The various dental traumatic injuries such as infraction, complicated or uncomplicated 
crown or root fracture, concussion, luxation, subluxation and avulsion, may result in 
root resorption, pulp canal calcification, pulp necrosis, open apices and periapical 
lesions (1).  
Traumatic injuries to immature teeth are common, affecting 30% of children (2). It may 
result in pulp necrosis and failure of the closure of the root apex, if not intervened at 
an early stage. The diagnosis of pulp necrosis and infection in an immature tooth is 
often difficult. Radiographic changes may be difficult to see. The clinician often has to 
rely on an assessment of other signs and symptoms, such as the presence of pain, 
tenderness to percussion, increased mobility, discoloration of the crown, or the 
presence of a draining sinus tract. Calcific changes indicate that the pulp is vital, or at 
least it maintained vitality for some time after the injury. Once pulp necrosis and 
infection has been established, apexification procedures need to be initiated. The 
treatment of non-vital immature teeth is a great challenge to clinician, as the root 
formation has not completed and open apex is found in the developing roots of 
immature teeth, which closes approximately 3 years after eruption of the tooth (1,3,4). 
In teeth with an open apex, traumatic injury may occur without disruption of the 
pulpal blood and nerve supply. Bacterial control is important and decisive to avoid 
infection resulting in arrested root development. Two factors have been found to be 
significantly related to the development of pulp necrosis; the type of luxation injury 
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Abstract      
                         
Introduction: Traumatic dental injuries may result in endodontic complications such as non-
vital teeth, open apex, calcified canals and peripaical lesion. Their management is a challenge 
to dentists. The open apices frequently have divergent root canal walls which make 
debridement and obturation difficult. Thus, closure of root apex is essential for success of the 
endodontic treatment. Traditionally, calcium hydroxide is the material of choice for apical 
barrier formation and healing. Also, teeth with signs of calcified pulp require conventional 
endodontic treatment, if it is possible to introduce instrument into the root canal.  
Aim: The aim of the present article was to report the successful closure of root apex, 
management of calcified canal and periapical lesion in a non-vital permanent central incisor.  
Case description: Here, the case was managed with calcium hydroxide dressing for four 
months before obturation with gutta-percha when signs of apical closure were observed.  
Conclusion: The follow-up was done regularly and at the end of two years, signs of complete 
periapical healing were observed. 
 
Key words: Calcified canal, calcium hydroxide, non-vital teeth, open apex, periapical lesion. 
 
 
CASE REPORT 
20 
   IJCDS • NOVEMBER, 2013 • 4(2) © 2013  Int. Journal of Clinical Dental Science 
In teeth with an open apex, traumatic injury may occur 
without disruption of the pulpal blood and nerve supply. 
Bacterial control is important and decisive to avoid 
infection resulting in arrested root development. Two 
factors have been found to be significantly related to the 
development of pulp necrosis; the type of luxation injury 
and stage of root development. The frequency of pulp 
necrosis after luxation injuries in the permanent 
dentition has been found to range from 5% to 59% (5). 
Concussion and subluxation injuries seldom results in 
pulp necrosis in immature teeth, whereas pulp necrosis 
occurs in approximately 5% of teeth with complete root 
development. Following more serious luxation injuries, 
such as extrusive and lateral luxation, approximately 10% 
of teeth with an open apex will develop pulp necrosis (6). 
There are three classical signs of pulp necrosis; coronal 
discoloration, loss of pulp sensitivity and periapical 
radiolucency. The latter has so far been considered to be 
the „safe‟ sign of pulp necrosis (6).The root with a 
necrotic pulp having an open apex and periapical lesion 
presents multiple challenges to successful treatment 
such as achieving complete debridement, canal 
disinfection and optimal sealing of the root canal system 
(3,4,7,8,9,10,11,12). The infected root canal space cannot 
be disinfected with the standard root canal protocol with 
the aggressive use of endodontic files. Once the 
microbial phase of the treatment is complete, in the 
absence of a natural apical constriction, the production 
of mineralized tissue in the apical region is important to 
create an apical barrier. It allows three-dimensional 
adaptation of obturating material within the root canal 
system. Calcium hydroxide has been commonly used as 
an intracanal dressing to induce hard tissue deposition in 
necrotic teeth with open apices. It is renewed 
periodically until an apical barrier is formed 
(1,2,3,7,8,9,10). The time needed to form an apical barrier 
is unpredictable and depends on the size of apical 
foramen, the presence of infection and the host (7).  
Calcification of the pulp tissue is a common sequel 
following traumatic luxation injuries to permanent teeth, 
particularly teeth that have been injured before their 
root formation has been completed (1,12,13). The exact 
mechanism is unknown but it has theorized that the 
sympathetic and parasympathetic control of blood flow 
to the odontoblast is altered resulting uncontrolled 
reparative dentin formation. Another theory is that 
hemorrhage and blood clot formation in the pulp after 
injury is a nidus for subsequent calcification. In most 
traumatized teeth that have pulps undergoing 
calcification, the hard tissue is deposited longitudinally 
along the dentinal walls of the root canal, which 
gradually diminishes in size until it can barely be 
observed radiographically (1,13).When the pulp is 
subjected to a rapid and overwhelming bacterial invasion 
or traumatic insult, little time may be available for 
normal reparative dentin formation and the dental pulp 
may die rapidly, leaving the canal space patent but full of 
necrotic, infected tissue. However, if irritant impact the 
tooth slowly over a long period, then both the pulp 
chamber and root canal undergo calcific changes (12). 
Dystrophic calcification may occur around a nidus of 
degenerating cells, blood thrombi, or collagen fibers. 
Calcium phosphate crystals may be deposited within the 
cells. It is characterized by the deposition of hard tissue 
within the root canal space and a yellow discoloration of 
the clinical crown (13). Only a small percentage of teeth 
with root canal calcification develop pulp necrosis and 
become infected. They are more likely to occur in teeth 
in which the pulp appears almost totally calcified, in 
teeth with completed root formation that have had 
severe periodontal injury at the time of trauma, and in 
teeth that have shown “rapid” calcification of the canal 
after injury (1). 
Fortunately, very few cases that radiographically exhibit 
fine or unidentifiable canals or calcified blockages prove 
to be unmanageable using non-surgical endodontic 
therapy. There are numerous techniques available to 
locate and negotiate these canals. The approach requires 
knowledge of the normal pulp chamber location 
together with root canal anatomy (12). 
Treatment of teeth with pulp canal calcification presents 
a dilemma. A number of authors have proposed that for 
endodontic technical reasons and for prevention of 
tooth discoloration, these teeth should be root filled 
once the calcification process is detected. However, most 
of the recent literature indicates that endodontic 
treatment is unnecessary unless the tooth is 
symptomatic or there is radiographic evidence of pulp 
necrosis and infection, i.e., a periapical radiolucency. The 
histological studies indicate that the presence of 
periapical radiolucency implies that a canal is present. 
Although the location and negotiation of a calcified 
canal may be difficult, it is invariably present and is 
negotiable in almost all cases. Where difficulty is 
experienced in locating a calcified canal in a traumatized 
tooth, it is usually because the canal has been bypassed 
rather than that the canal is not present at the level of 
the search. Dentine softening agents have been proven 
to be ineffective as aids for the location of calcified 
canals. A surgical approach to the management of these 
cases has also been advocated but this should only be 
considered when conservative attempts to locate and 
negotiate the canal have been unsuccessful (1,13). 
Persistent intraradicular or secondary infection, and in 
certain cases extraradicular or periapical infection are the 
major causes for the failure of the endodontic treatment. 
Thus, meticulous cleaning and shaping of the root canal 
system using appropriate endodontic irrigants and 
medicaments is the key to the success. The chemical 
disinfection by sodium hypochlorite and the use of 
calcium hydroxide as in intracanal medicament are of 
utmost importance (2). 
Thus, the aim of this case report is to discuss the 
management of non-vital permanent anterior teeth with 
an open apex, a calcified canal and a periapical lesion 
using calcium hydroxide as the intracanal medicament. 
 
Case report 
A 16-year-old boy suffered trauma of his maxillary 
anterior teeth at 11 years of age. The patient, who was 
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Figure 1. A. Pre-operative clinical view; B. Pre-operative IOPA radiograph; C. Access opening in 11 and 21; D. Calcium hydroxide 
dressing placed in 11 and 21 for 6 months; E. IOPA radiograph after 4 months; F. Endodontic treatment of 11, 12, 21 and 22; G. Post-
obturation radiograph; H. Tooth preparation of 11 and 21 for direct composite veneering; I. Post-operative clinical view. 
 
 
 
Figure 2. A. Follow-up IOPA radiograph after 1 year; B. Follow-up IOPA radiograph after 18 months; C. Follow-up IOPA 
radiograph after 2 years; D. Follow-up digital radiograph taken after 2 years. 
 
first seen at anemergency appointment, during intraoral 
examination presented with pain originating from tooth 
21, which was sensitiveto percussion and palpation. 
Teeth 11 and 21 were fractured while tooth 21 was 
discolored (Fig. 1A). Vitality tests were negative with 
respect to teeth 11, 12, 21 and 22. A radiographic image 
revealed that tooth 11 had open apex, 22 was calcified 
and a periapical lesion was present in relation to 11, 12, 
21 and 22 (Fig. 1B). 
After administration of local anesthetic, a rubber dam 
was placed and an access cavity was prepared in teeth 
11 and 21 in the first appointment (Fig. 1C). The canals 
were lightly cleaned mechanically using hand K-files 
(Dentsply-Maillefer, Ballaigues, Switzerland) to the 
working length, which was determined radiographically, 
while irrigating with 1% sodium hypochlorite (NaOCl). 
The canals were finally rinsed with 5 mL 17% 
ethylenediamine tetra-acetic acid (EDTA) to remove the 
smear layer. The root canals were then dried with size 80 
paper points (Dentsply/Tulsa Dental, Tulsa, OK). Calcium 
hydroxide powder, mixed with saline in ratio 1:1 to a 
creamy, toothpaste consistency, was placed in both the 
canals using a lentulospiral instrument. The access cavity 
was sealed with Cavit (3M, ESPE, Saint Paul, MN) placed 
over a sterile cotton pellet left in the pulp chamber (Fig. 
1D).  
22 
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After 1 week, the patient was asymptomatic. Calcium 
hydroxide was removed from both teeth by rinsing with 
1% NaOCl. After drying the root canals with paper 
points, a paste of calcium hydroxide and polyethylene 
glycol was placed as an intracanal dressing. This dressing 
was renewed every 1 month and a radiograph was taken 
to ensure thorough filling of the root canal with the 
dressing, as well as to monitor development of a hard 
tissue barrier at the apex. This procedure was repeated 
over a period of four months, until periapical healing and 
apical closure were detected radiographically (Fig.1E) 
and latter was also detected clinically using a size 40 K-
file in tooth 11. 
After four months, the canals of both teeth were flushed 
with5 mL of 1% NaOCl followed by 5 mL of 17% EDTA, 
then dried with paper points. The endodontic treatment 
of teeth 12 and 22 was also initiated (Fig. 1F). In tooth 22 
with a calcified canal, initially access opening was done 
using long shanked no. 4 or no. 6 round bur to explore 
the assumed location of the main pulp chamber. Then 
the floor of the pulp chamber was felt with an 
endodontic explorer DG-16 and a “catch” indicated the 
position of the canal. The calcific material was carefully 
negotiated with no. 06, 08 and 10 K-files under 
magnification and proper illumination using loupes 
which removed sufficient material to reveal the opening 
of the root canal system. Gentle passive movements of 
the K-files, both apical and rotational, produced some 
penetration. The access to the canal orifice was widened 
using the Gates Glidden drill. The simultaneous use of 
EDTA and NaOCl facilitated proper root canal 
instrumentation. Finally, obturation was completed by 
lateral compaction, using gutta-percha (Dentsply-
Maillefer) and AH Plus sealer (DentsplyMaillefer, 
Konstanz, Germany) for teeth 11, 12, 21 and 22, which 
was checked radiographically (Fig. 1G). The access cavity 
was sealed with composite and direct composite 
veneering was done on teeth 11 and 21 under rubber 
dam isolation (Fig. 1H and 1I). The patient was 
asymptomatic and there was evidence of periapical 
healing at the time of obturation.  
The patient was recalled regularly for check-ups. The 
follow-up radiographs taken at the end of 1 year, 18 
months and 2 years, and digital radiograph taken at the 
end of 2 years,revealed progressive complete healing of 
the periapical lesion and successful endodontic 
treatment of all the involved teeth(Fig. 2A-D). 
 
 
Discussion 
The ultimate goal in the practice of endodontics is to 
debride and obturate the canal as efficiently and three 
dimensionally as possible (2,3,8,10,17). While most 
endodontic cases can be managed precisely and 
comfortably, there is a group of patients that differ from 
providing routine treatment and are a challenge to the 
endodontists. This case report discussed the 
management of such a case presenting a rare 
combination of non-vital permanent teeth having open 
apex, calcified canal and associated periapical lesion due 
to traumatic injury. 
The teeth most commonly traumatized in children are 
the maxillary central incisors. The peak incidence for 
trauma occurs between 8 and 11 years of age, when the 
roots of the incisors are developing. If during this time, 
the pulp becomes non-vital as a consequence of the 
traumatic episode, no further development and 
maturation of the root will take place, resulting in a non-
vital incisor with an open apex and incomplete root 
development (9). Because in most cases non-vital teeth 
are infected, the first phase of treatment is to disinfect 
the root canal system to ensure periapical healing (11). 
When treating non-vital teeth, a main issue is eliminating 
bacteria from the root canal system, followed by a three-
dimensional obturation of the root canal system (2,7).  
Teeth with infected root canals and open apices are now 
routinely treated with calcium hydroxide root induction 
techniques followed by orthograde gutta-percha or MTA 
root filling techniques. It is imperative that the access 
cavity then be sealed adequately while apexification 
takes place, with Cavit and a stronger restorative dental 
material in order to prevent breakdown of the temporary 
restoration which can lead to re-infection ofthe canal 
and subsequently to further apical periodontitis. 
Apexification can take from six to 24 months. Regular 
radiographic assessment is necessary to monitor 
progress of apexification. The calcium hydroxide should 
be replaced regularly, otherwise apexification may not 
occur. Care should be taken during root filling not to 
apply too much pressure since this may dislodge the 
apical dome. In addition, the amount of heat used 
should be limited since the root walls are thin and the 
heat may be transmitted to the periodontal ligament 
with potential for adverse effects. Subsequent fracture of 
the root is a possible sequel to apexification procedures, 
especially if there is any further trauma to the tooth 
although it can also occur during normal function. The 
patient should be warned of this possibility before 
treatment is commenced (1,2,8,9). 
The alkalinity or high pH of non-setting calcium 
hydroxide paste is used to stimulate the formation of 
mineralized and fibrous tissue by the granulation tissue 
cells in the apical part of the root canal. It stimulates the 
physical barrier and also acts as disinfectant. The 
resultant mineralized tissue can be composed of 
osteocementum, osteodentine, or bone or some 
combination of the three. The calcific bridge can be a 
complete or an incomplete hard tissue bridge at the root 
end or a few millimeters short of it (3,9,10). Thus, one of 
the most important reasons for mixing calcium 
hydroxide with a physiologic vehicle such as sterile 
water, as done in this case, is its expected alkaline pH (9). 
Calcium hydroxide paste was usedin this case because of 
its antimicrobial activity and to prevent its extravasation 
into the periapical area. The disinfecting action of 
calcium hydroxide (in addition to instrumentation and 
irrigation) is effective after its application for at least 1 
week as was done in this case. Further treatment should 
not be delayed for more than 1 month because the 
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calcium hydroxide could be washed out by tissue fluids 
through the open apex, leaving the canal susceptible to 
reinfection (11).Different vehicles can be used depending 
on the length of time the dressing will remain in the 
canal. When the period was up to 1 week, saline was 
used as the vehicle. For more extended periods, 
polyethylene glycol was used as the vehicle because 
calcium hydroxide ions are released more slowly and the 
medication can remain active in the canal for longer 
periods. A 17% EDTA rinse was carried out before 
placement of the intracanal dressing to remove the 
smear layer and facilitate diffusion of calciumhydroxide 
through the dentin and before obturation to ensure 
better removal of calcium hydroxide.(7) 
The present case is a example of application of 
traditional method of apexification where in calcium 
hydroxide was used for barrier formation, following 
which over a period of 4 months we could observe 
development of periapical radiopacity suggestive of 
some calcific barrier. When completion of a hard tissue 
barrier was suspected, the calcium hydroxide was 
washed out of the canal with sodium hypochlorite and a 
radiograph was taken to evaluate the radiodensity of the 
apical stop (11). This was also confirmed using a thin file 
to check for any resistance at the apical region. Excess 
pressure should not be applied as it may disrupt the 
already formed calcification. Induction of apical closure 
has been the most widely used approach to treating 
open apex. Calcium hydroxide has been extensively used 
to accomplish apical closure due to its apparent ability to 
stimulate hard tissue formation (2,9,10,11,15). Thus, 
periapical healing and the formation of a hard tissue 
barrier occurs predictably with long-term calcium 
hydroxide treatment [79%–96%] (11). Because of its 
enhanced success rate, easy availability for clinician and 
affordability for patients, it has gained widest acceptance 
in the literature (3).  
In this case, apexification was reached and 
osseoushealing occurred within a short period of four 
months. This might be due to the high healing potential 
in young patients, excellent isolation followed during the 
procedure and the use of antimicrobial irrigant NaOCl 
and medicament calcium hydroxide. Although calcium 
hydroxide has been shown to be a good material for 
treating immature teeth, various studies have revealed 
some disadvantages to using this material, such as long 
treatment time, the need for multiple appointments and 
several radiographs and possible canal infection as the 
crown is sealed with only temporary materials over a 
long period. It also requires a high level of patient 
compliance. The long-term survival is jeopardized by the 
fracture potential of the thin dentinal walls of these teeth 
(2,7,8,11). The barrier formed using calcium hydroxide for 
apexification may be porous and has sometimes even 
been found to contain small amounts of soft tissue (15). 
The treatment time for our apexification procedure was 
approximately 4 months. Because of MTA‟s excellent 
biological properties and ability to create a good seal, it 
has been recommended for creating an artificial barrier 
in the apical area of teeth with open apices, thus 
reducing the treatment time to1 or 2 visits (7,8,11).  
In teeth with open apices, the access cavity preparation 
should be made large enough to encompass the larger 
than normal underlying pulp and to allow access of 
endodontic instruments to the divergent walls (1). As 
instruments cannot be used properly in teeth with open 
apices, cleaning and disinfection of the root canal system 
rely on the chemical action of NaOCl as an irrigant and 
calcium hydroxide as an intracanal dressing (7). Reliance 
on irrigation to remove debris rather than filing is 
important, as the canal walls in the apical region are thin 
and fragile. Over-zealous use of files may damage the 
walls (1). NaOCl is known to be toxic, especially in high 
concentrations. When rinsing immature teeth with open 
apices, there is an increased risk of pushing the irrigant 
beyond the apical foramen. Therefore, it is advisable to 
use less concentrated NaOCl, which is less toxic. In this 
case, 1% NaOCl was used (7). The lower strength of 
sodium hypochlorite was compensatedby the volume of 
the irrigant used (11). 
It has been observed that less than quarter of 
traumatized anterior teeth developed varying degrees of 
pulpal calcification. It is generally accepted that the 
frequency pulp calcification is dependent on the extent 
of the luxation injury and the stage of root formation. 
Most studies suggest that the incidence of pulpal 
necrosis in these teeth is in the range of 1–16%. The 
reduced cellular content seen in pulps undergoing 
obliteration makes them more susceptible to infection. 
The recent literature suggests that pulpal necrosis and 
periapical disease are not a common complication of 
pulp canal calcification, and if root canal treatment is 
selected as a routine procedure, most would be 
unnecessary as the majority of such teeth will never 
suffer pulpal necrosis and periapical disease (13). 
However, once pulpal necrosis or periapical rarefaction is 
established over a period of time, it necessitates 
endodontic treatment. Thus, such teeth need to be 
followed up regularly. 
The management of anterior teeth with obliterated pulp 
chambers and root canal systems in need of treatment is 
challenging, but identical to that of any other tooth 
(13).Canals that look completely calcified 
radiographically can be instrumented with a fine file 
because a very fine path way remains within the calcified 
material. A long shanked no. 4 or no. 6 round bur is used 
to explore the assumed location of the main pulp 
chamber. With care, the canal orifice can invariably be 
located in the crown of the tooth, above the cervical 
margin. A “catch” or a slight “tug-back” on the floor of 
the pulp chamber, felt with an endodontic explorer DG 
16 or file, will generally indicate the position of the canal, 
as will a color change in the middle of the root. After 
locating the orifice of the canal the smallest instrument 
(usually no. 06, 08, or 10 file) should be introduced. 
Gentle passive movement, both apical and rotational 
often produces some penetration. As the calcific material 
is generally softer than regular dentine, carefully “picking 
away” at this softened material with a suitable explorer 
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and/or the use of rotary nickel titanium instruments will 
often remove sufficient material to reveal the opening of 
the root canal system. A slight pull signaling resistance, 
is usually an indication that the clinician has located the 
canal. Negotiation of the canal requires patient 
exploration of the floor of the pulp chamber with a 
bright light and radiographic assessment. 
Transillumination using a light source placed on the 
cervical area of the tooth under the rubber dam is 
invaluable. Pre-operative radiographs can assist in 
determining the level at which the canal is to be found. 
Increasing the exposure of the pre-operative radiograph 
may reveal the canal outline more clearly. Access to the 
canal orifice is widened using the Gates Glidden drill. The 
use of EDTA alone or in combination with NaOCl 
facilitates adequate root canal instrumentation (1,12,13). 
A study suggests that without technical complications, 
the outcome for root canal treatment of teeth with 
calcified canals is the same as for a „normal‟ tooth with a 
necrotic pulp. The complications created or encountered 
in treating these teeth were excessive tooth structure 
removal, perforation and retained/fractured instruments 
(13). 
The choice of treatment regimen for teeth with open 
apices and calcified canals depends on the individual 
case and operator experience and familiarity with 
handling the various materials. Patient availability for 
follow-up appointments should be considered as well if 
multiple sessions are required. Routine recall evaluation 
should be performed to determine the success in the 
treatment of the associated periapical healing. 
Restorative procedures should be assessed to ensure 
that they do not promote root fractures (11). In this case, 
a long-term follow-up was done over a period of 2 years. 
The follow-up radiographs showed progressive 
periapical healing and, during clinical examination, the 
patients were asymptomatic indicating successful 
outcome of the endodontic treatment.  
 
Conclusions 
Undoubtedly, the endodontic management of 
traumatized permanent anterior teeth having open apex 
and calcified root canal is a challenging job in our clinical 
practice. The case reported here revealed signs of 
complete apical closure and periapical healing, when 
calcium hydroxide was used as an intracanal medicament 
for four months in a non-vital tooth having open apex, 
calcified canal and a periapical lesion. Thus, considering 
the etiological factors and pathophysiological 
phenomenon, such cases can be managed predictably 
with confidence by the application of knowledge, clinical 
expertise and various endodontic materials. 
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